Purpose. To evaluate risk factors for early dislocation after primary total hip arthroplasty (THA). Methods. Records of 175 cases with dislocation during hospitalisation after THA and 651 controls without dislocation were reviewed. Cases and controls were matched for age, gender, body mass index classification, primary diagnosis, cup design, hospital, and year of intervention. Version and inclination of the acetabular component and version of the femoral component were assessed intra-and post-operatively. Various risk factors were analysed, including surgical approach, cup positioning, combined cup and stem positioning, and femoral head size. Results. The posterior approach was 6 fold more prone to dislocation (odds ratio [OR]=6.3, p<0.018) than the anterolateral or straight lateral approach. With regard to combined cup and stem positioning, the acceptable position was at significantly higher risk of dislocation than the ideal position (OR=2.59, Risk factors for early dislocation after total hip arthroplasty: a matched case-control study 
INTRODUCTION
Dislocation after total hip arthroplasty (THA) is a serious complication and has a significant impact on morbidity and costs due to revision surgery and/ or intensified rehabilitation. 1 Its frequency in THA patients has been reported as 4.8% 2 or 1 to 7%. [3] [4] [5] [6] [7] [8] Its risk factors include gross component malpositioning, surgical approach (especially posterior), patient age, gender, and pathologies resulting in THA (such as fracture or congenital hip dysplasia). 1 It occurs more often in patients with neuromuscular disorders. 9, 10 Patients with overall health status of >3 American Society of Anesthesiologists scores have an up to 10-fold increase in dislocation risk. 11 Other risk factors are alcohol consumption and poor performance in rehabilitation and physiotherapy. 5, 12 About 45% of dislocations occur within 4 weeks of the operation. 7 Instability of the artificial joint leads to anterior or posterior dislocation of the femoral head and neck. 13 Standing up from a deeply seated position may result in posterior dislocation, whereas anterior dislocation may occur in hip extension and external rotation. 14 In THA, the offset and the collodiaphyseal angle define the distance between the greater trochanter and the peri-acetabulum in the frontal plane. During a rotation of the femur, the trochanter approaches the acetabulum and the neck of the prosthetic stem approaches the acetabular liner. The distance may be reduced owing to softness of tissues (e.g. the capsule) and impingement occurs. This generates a force to drive the femoral head out of the acetabulum, and dislocation can ensue if the THA is unstable.
To avoid impingement, implant positioning is essential. In a study of acetabular configuration and orientation, 15 the mean anteversion of the natural acetabulum is higher in women than men (21.3º±7.1º vs. 18.5º±5.8º), and therefore women are more prone to dislocations.
The risk of anterior dislocation increases with certain positioning of the acetabulum; the safe range for the acetabular anteversion was 15º±10º, and for the lateral opening of the acetabulum it was 40º±10º. 3 No significant correlation was noted between component positioning and posterior dislocation. 3 The posterior surgical approach confers a greater risk of dislocations, 6, 16, 17 as do passive internal rotation and adduction of the femur. 14 Surgical treatments for recurrent dislocation involve modular cups, dual-head cups, larger heads, constrained cups, high offset femoral necks, and soft-tissue interventions such as posterior tissue or capsular repair. [17] [18] [19] We evaluated risk factors for early dislocation after primary THA. These included peri-operative variables (e.g. the surgical approach) and implantrelated factors (e.g. component positioning and femoral head size). Cases and controls were matched for age (±2.5 years), gender, body mass index classification (normal, <25; overweight, 25-29; obese, ≥30 kg/m 2 ), primary diagnosis, cup design, hospital, and year of intervention. Version and inclination of the acetabular component and version of the femoral component were assessed intra-and post-operatively.
MATERIALS AND METHODS

Between
409 left and 417 right THAs with 26 different cup types and 59 different stem types were included. The mean patient age was 70 years; 66% of patients were female. 31%, 57%, and 11% of the patients were of normal weight, overweight, and obese, respectively. 4% (9 cases and 21 controls), 31% (64 cases and 185 controls), 65% (97 cases and 430 controls), and 0.3% (2 cases) of the patients had a femoral head size of 22, 28, 32, and 37 mm, respectively.
Associations between variables and dislocation were analysed using multiple conditional logistic regression models. A p value of <0.05 was considered statistically significant. The variables included surgical approach (anterolateral vs. lateral with trochanteric osteotomy vs. posterior), cup positioning (ideal vs. acceptable vs. malpositioned 13 ) [ Table  1 ], stem positioning with cups inclining 45º (stem torsion, cup version) [ Table 2 ], and femoral head size (22 to 37 mm).
RESULTS
The posterior approach (with detachment of the external rotators) was 6 fold more prone to dislocation than the anterolateral or straight lateral approach (odds ratio [OR]=6.3, p<0.018, Table 2 ). Dislocation was about 2 fold higher in the lateral approach with trochanteric osteotomy than the anterolateral or straight lateral approach (OR=2.1, p=0.73, Table 2 ).
Compared to ideal cup positioning, hips with acceptable (OR=1.4, p=0.69) and malpositioned (OR=1.49, p=0.34) cup positioning were not at significantly higher risk of dislocation.
In stem positioning with cups inclining 45º, compared to the ideal position, the acceptable position (OR=2.59, p=0.033, Table 3 ) was at significantly higher risk of dislocation, but not significantly if there was malposition (OR=1.1, p=0.57, Table 3 ).
The median femoral head size in cases and controls was 32 mm; the standard deviation was higher in cases than controls (3.3 vs. 2.4, p=0.23).
Larger head sizes were associated with significantly lower risk of dislocation (OR=0.84, p=0.02).
DISCUSSION
Strict matching criteria were used in our study. This may neutralise the influence of patient characteristics and component types on dislocation due to other variables such as surgical approach, component positioning, and femoral head size. Our findings have good generalisation because data were collected over a long period of time and multiple centres, and different types of prostheses were included. Nonetheless, data were collected from 1978 to 2004, such that changes in surgical technique and implants may have been considerable, with incisions and softtissue dissections becoming smaller, and posterior soft-tissue repair becoming more common. Dislocation rates varied among hospitals from 1 to 14%. This may reflect preferences for certain surgical approaches leading to more or less dislocations. In our study, the risk of dislocation was 6 fold higher when the posterior approach was used, as the piriformis and the triceps coxae are usually detached from their insertion using electrocauterisation. Because of the biomechanical and protective properties of the external rotators, reattachment and transosseous refixation of these muscles may become insufficiently secure leading to instability. A high failure rate is reported after reattachment the external rotators, using radio-opaque markers on the reattached tendon. 20 Extreme movements such as deep crouching or leaning over in a sitting position may lead to dislocation, particularly in patients with a destabilised hip joint operated via a posterior approach. A lowsit-to-stand manoeuvre is 6 fold more risky than a stooping motion. 14 In the posterolateral approach, ventral capsulotomy and refixation of the abductor tendon plate are important factors influencing stability. Postoperative trochanteric pain is correlated with alterations of the gluteus medius or with fluid collections in the trochanteric bursa. 21 In the posterolateral approach, the fascia lata is incised longitudinally, the broad tendon of the gluteus medius is split and detached subperiostally. These 2 structures serve as a dynamic force acting from a lateral direction, thus pressing the femoral head into the acetabulum. Any failure of reconstruction may lead to destabilisation of the hip. Therefore, using a 32-mm femoral head together with posterior capsular repair is suggested. 22 Even in an anterolateral approach, ventral capsulectomy may be needed for sufficient exposure of the acetabulum. This may weaken the anterior stabilising structures and lead to anterior dislocation.
Soft-tissue reconstruction is also important in revision arthroplasty; dislocations after revision arthroplasty occurred in 7.4% of 1548 patients. 23 Posterior soft-tissue or capsular repair decreases the rate of hip dislocation. [17] [18] [19] Modular systems are less successful in revision arthroplasty for recurrent dislocation. 24 The combined inclination and anteversion of the acetabular component is a significant factor affecting dislocation, particularly when version of the femoral component is inadequate. In a computer simulation study comparing different degrees of abduction and version of the cup in respect to different anteversions of the stem, 13 a satisfactory result for both stooping and sitting was achieved when the cup was at 45º abduction and 20º anteversion and the stem was at 15º anteversion. In our study, >15º anteversion of the cup was the only significant risk factor. In the transversal plane, the risk of anterior dislocation increases in patients with >17º anteversion of the cup; in those with a posterior dislocation, <11º anteversion of the cup is evident. 25 An acetabular inclination of >48º may lead to anterior dislocation, whereas an acetabular inclination <42º may lead to posterior dislocation. 25 Increased acetabular inclination predisposes to a higher dislocation risk. 26 Attention should be paid to anatomic features of each individual's pelvis. Different configurations of the acetabular rim have been identified, including curved, angular, irregular and straight. 15 When the cup is implanted with too much anteversion (e.g. in a straight type), dislocation may occur. Computed tomography is useful for investigation. As every hip may requires individual placement of components, recommendations on positioning remain controversial.
In our study, version of the stem did not significantly influence dislocation. When both stem and cup had an anteversion of 10º to 15º, the position was ideal ( Table 1 ). All other acceptable or malpositioned combined cup and stem versions in the transversal plane showed a tendency of increased risk of dislocation. Different aspects of stem orientation and features of the femoral neck that may have an effect on dislocations have been described. Improper neck length leads to soft-tissue imbalance as a risk factor; careful planning and intra-operative testing should therefore be performed. A collodiaphyseal angle of >142º may also lead to a conflict between the neck and acetabular rim. 16 In the posterior approach, adequate repair of the posterior capsule and solid reinsertion of the external rotators may lower the dislocation rate to 1.4%; 91% of them occur within 6 weeks. 27 The use of larger femoral head sizes improves stability and decreases the risk of dislocation, 28 when other causes (incorrect implant position, tissue tension or osteophytes serving as hypomochlia) have been excluded. The risk of dislocation increases when the head is <26 mm in diameter. 29 Larger heads increase the range of motion and stability. 30 In our study, THA for fracture is associated with a higher dislocation risk, as 6% of controls versus 12% of cases were treated for fracture.
Conservative treatment for dislocation is best carried out in general anaesthesia. Decision about surgical procedures should be based on the underlying cause of dislocation, especially in cases of component loosening or distinct component malpositioning. Conservative treatments (e.g. bracing and subsequent muscle training) significantly reduce further dislocations. 31 Patient compliance and understanding of the mechanisms may also minimise dislocations.
